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EFPBCT  OF  THE  DESIGH  OF  STABILIZES  OH  THE  CHABACTEBl  SF  [~  OF  SMOOTH 
BORHIHG  OF  LIQUID  SPBATED  FUEL. 

K.  7.  Kakhovskiy,  F.  H.  Ningaleyev,  Ye.  D.  Nesterov. 

Page  9 8. 

In  work  are  given  the  results  of  the  investigation  of  the  effect 
of  the  character  of  the  supply  of  air  at  the  root  of  the  fuel  flaae 
of  injector  on  the  range  of  saooth  burning  of  the  liqiid  atomized 
fuel.  It  is  shown,  that  the  flaaeout  in  stabilizer  with  leaning-out. 
of  airture  in  certain  cases  is  given  rise  to  by  the  transition  of  the 
process  of  aicrodi f fusible  coabustion  into  kinetic  re) ion. 

One  of  the  aost  iaportant  requirements,  presentel  to  the 
coabustion  chaaber  of  gas  turbine  engine,  is  the  provision  for  a 
broad  band  of  saooth  burning  in  the  caaera/chaaber  in  all  engine 
power  ratings  in  flight.  With  flight  operation  are  possible  the  cases 
of  powerful  iapova rishaent  or  enrichment  of  fuel-air  airture  in  the 
caaera/chaaber  with  sharp  jettisoning  or  increase  in  engine 
revolutions.  In  order  to  avoid  the  extinction  of  flaae  in  the 


( 
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caaera/chanber , which  can  lead  to  the  energency  of  aircraft,  it  is 
aeeessary  to  have  data  on  t he  range  of  saeoth  burning  during  a change 
iq  the  airstreaa  data  at  the  entrance  into  the  caaera/chaaber  (Pz, 

Tt<  . In  the  ca aera/chaaber  of  the  GTD  [ gas-tur bins  engine], 
occurs  the  process  of  the  coabustion  of  the  sprayed  fa  el/propellant 
in  a turbulent  flow  which  is  studied  to  a lesser  degree  than  the 
process  of  the  coi  bust  ion  of  unifora  fuel- air  aixture.  It  is 
concealed  by  fora,  is  necessary  the  accunulation  of  erperiaental 
aaterial  on  the  investigation  of  physics  of  the  conbU3tioa  of 
heterogeneous  airfare  and  aechanisa  of  the  stabilization  of  flaae. 


Page  99. 


figure  1 gives  the  typical  region  of  snooth  burning  in  the 
coabustion  chaaber  of  GTD,  which  is  United  to  two  braacaway 
characteristics  of  the  caaera/chaaber : 


the  characteristic  of  "lean"  flaneoatj 


the  characteristic  of  "rich"  flaaeoat. 


The  region  of  saooth  burning  of  uniforn  aixture,  conditionally 
shown  on  Fig.  1,  has  a fora  which  is  characterized  by  the  fora  of  the 
characteristic  of  "lean"  disruption/separation.  During  the  supplying 
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through  the  iajector  of  vaporous  fuel/propellant,  the  characteristic 
of  "lean"  flaaeout  approaches  in  fora  an  analogous  characteristic 
during  the  coabustion  of  unifora  aixture  [1].  Consegus ntiy,  the  fora 
of  the  characteristic  of  "lean"  flaaeout,  the  hoaogansous  aixture  to 
a considerable  degree  is  determined  by  the  condition  of  feeding  the 
fuel/propellant.  The  characteristic  of  "lean"  disruption/separation 
can  be  conditionally  divided  on  3 stability  regions  with  respect  to 
the  velocity  of  air  (Pig-  1): 

4 

1.  Region  A.  The  excess  air  ratio  diring  flaaeout  is 
proportional  to  air  speed 

2.  Region  B?  The  excess  air  ratio  during  flaaeout  does  not 
depend  on  air  speed  (dcp*consti 


aechanisas  of  flaaeout  with  leaning-out  of  aixture  in  the  chaaber 
operation  of  coabustion  in  different  regions  on  air  speed.  In  chaaber 
operation  in  stability  region  A*,  flaaeout  occurs  as  i result  of  the 
cessation  of  fuel  atoaization  by  injector  during  the  iecrease  of  the 
fuel  consuaption  in  the  region  of  the  low  air  flow  rates.  Flaaeout  in 
chaaber  operation  in  stability  region  B*  is  deterainel  by  the 
condition  for  existence  of  the  diffusion  front  of  flaae,  i.e. , by  the 
condition  «=1. 


The  stability  of  the  process  of  coabustion  in  the  field  high  air 
speeds  C*  is  deterained  by  the  relationship/ratio  of  the  tiae  of  fuel 
evaporation  to  the  retention  tine  of  fuel-air  aixture  in  the  zone 
of  circulation  ^ np  by  condition  *=  !•  Depending  on  the 

theraodynaaic  and  aerodynaaic  flow  paraneters,  the  extent  of  the 
regions  of  saooth  burning  will  change  and  possible  the  cases  when 
region  B*  disappears  as  a result  of  the  joining  of  regions  A*  and  C*. 
In  vie<v  of  too  coa plex  a situation,  in  which  occurs  the  process  of 
coabustion  in  full-scale  coabustion  chaabers,  in  this  work  conducted 
experiaental  investigation  of  the  stability  characteristics  of  flaae 
0^  = ^(w)  daring  the  coabustion  of  the  liquid  atoaized  fuel  on 
separate  stabilizers  in  connection  with  front  equipaent/device  of 
coabustion  chaaber  of  GTD. 


I 

L 


Description  of  experiaental  installation  and  procedure  of  study. 


The  experimental  study  of  the  characteristics  of  smooth  burning 
of  the  liquid  atoiized  fuel  was  conducted  during  the  installation 
whose  schematic  was  represented  in  Fig.  2.  Air  with  temperature 
t(  - +10*20^  through  the  throttle  plate  was  fed  along  duct  to 
stsbildssr  1.  Fuel/propellant  (kerosene  TS-1)  with  teaperature 
tT  ->15^3  proceeded  to  the  injector  tarough  needle  val»e/gate  5. 

The  combustion  of  fuel-air  mixture  occurred  in  the  ataosphere. 

Page  101. 

The  types  of  the  stabilizers  being  investigated  are  represented 
ib  Fig.  3.  Injectors  in  stabilizers  the  centrifugal,  single-channel 
with  diameter  nozzles  of  sprayer  =.  o,75  mu. 

The  experimental  procedure  consisted  of  following.  After  the 
inflammation  of  mixture  from  the  extraneous  flame  jet  was  established 
the  assiqned  air-pressure  differential  on  stabiliser  A PB  . By  gradual 
decrease  or  increise  in  fuel  consumption  with  the  mid  of  needle  valve 
was  achieved  the  conditions/node  of  the  extinction  of  flame  in 
stabilizer.  The  air  speed  in  the  opening/apertures  of  staoilizers 
varied  in  the  range  wo=40-100  n/s,  which  corresponds  to  the  speed 
range  of  air  in  opening/apertures  and  slots  of  front 
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equipaent/de vices  of  the  coabustion-chaaber  linings  of  STD.  The  flow 
rate  of  air  was  aaasured  with  the  aid  of  graduated  diaphraga,  the 
fuel  consumption  it  was  deterained  froa  the  discharge  characteristic 
of  injector. 

'J 
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Fig.  2.  Measuring  circuit  on  installation.  1 - stabilizer;  2 


injectcr;  3 - graiuated  diaphraga;  4 - the  throttle  plate;  5 - needle 
valve/gate;  6 - the  stop  cock. 


A juap/drop  in  the  pressure  fuel/propellant  on  iajector  & PT  was 
located  through  piezoaeter  through  the  value  of  the  colnan  ot 
kerosene  in  piezoaeter  relative  to  the  axis  of  injector.  For  the 


analysis  of  aerodynaaic  flow  pattern,  was  conducted  the  aaasureaent 
of  velocity  fields  in  the  section/shear  of  stabilizar  wits  the  aid  of 
total  pressure  tube. 

Results  and  analysis  of  experiaental  data. 

* 

On  a stabilizer  of  the  type  A,  was  conducted  the  investigation 

f 

of  the  effect  of  the  supply  of  air  in  section  1I-II  aid  III-III  on 
the  characteristic  of  "lean"  flaaeout.  In  initial  version  the 
stabilizer  was  aade  with  the  annular  slot  with  a haigit/altitude  of  1 
aa  in  section  1V-1V,  in  the  reaaining  sections  of  opeaing/aperture 
for  the  supply  of  air,  they  were  absent.  Rhe  study  of  coabustion 
stability  was  conducted  in  the  snail  spead  range  of  air  in 
opening/apertures  Hs-40-60  a/s,  that  soaewhat  inpedas  the  analysis  of 
dependieaca  <*cp  =/(W0)  but  it  peraits  to  evaluate  the  affect  of  the 
character  of  the  supply  of  air  over  the  length  of  staiiLizar  on  the 
absolute  value  of  the  excess  air  ratio  during  flaaeout. 
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Pig.  3.  Types  of  stabilizers. 

Key:  (1).  Slot.  (2).  Type.  (3).  blades. 

Pa  ge  1 03  . 

During  the  decrease  of  the  fuel  consuapti on,  the  coabostion  zone  was 
reduced  along  the  length  and  approached  iq  end/face  of  stabilizer, 
the  extinction  of  flaae  occurred  within  stabilizer.  The  aeasureaent 
of  velocity  fields  showed  that  in  stabilizer  is  foraei  the  zone  of 
circulation  B because  of  the  ejection  of  air  in  stabiLizer  by  the 
annular  jet,  whici  escape/ensues  froa  slot  (Fig.  !*)  . Fuel  coabustion 
in  preflaaeout  coaditions/aodes  occurred  in  the  zone  of  circulation. 
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Pig-  *-  Rechaaisa  of  the  stabilization  of  flaae  in  stabilizers. 


Kef:  C1)«  Telocity  field  in  cross  sect.  (2).  a/s-  (3).  Stabilizers  of 
type  *IA  "and  1.  (4).  Stabilizer  of  type  C. 


Pa  ge  1 04  . 


Observation  of  tha  character  of  the  discharge  of  fuel/propellant 
behind  blast  nozzle  under  the  conditions  of  flaaeout  shaaei  that  the 
injector  does  not  virtually  spatter  fuel/propellant  vLth  juap/drops 
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iq  pressure  aPT  A 0,1  • 105  I/n*  and  f uel/propellant  ess»  pa /ensues 
fro*  stabiliser  by  separate  streans.  For  an  inprovenent  in  the 
quality  of  fuel  atonization  in  preseparation  conditio) s/nodes  at  the 
reet  of  fuel  flane  in  section  11-11,  arrange/located  at  a distance  of 
3 nn  fron  blast  n>zzle,  was  conducted  the  air  through  5 tangential 
opeaiaiq/apertures  with  a dianeter  of  1.S  nn.  The  ai:ess  air  ratio 
<*cp  during  disruption/separation  increased  fron  0.35  to  0.8  (Fig.  5). 

For  a nora  effective  effect  on  fuel  flane  in  section  11- II,  were  nade 
6 radial  opening/i pertures  with  a dianeter  of  2 nn  which  in 
oonparison  with  tangential  ones  have  the  large  depth  of  penetration 
of  air  jets.  The  juantity  of  air,  applied  at  the  root  of  fuel  flane, 
increased  2 tines. 

1 
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Pig.  5.  Characteristics  of  "lean"  flaaeoat  in  a stabilizer  of  the 
type  A. 


Kef:  (1).  Conv.  Plaaeout.  (2).  Section.  (3).  a/s. 


Page  105. 


As  a result  of  th*  supply  of  the  air  through  radial 
opening/apertures,  the  excess  air  ratio  of  flaaeout  iacreased  2.5 
tiaes  ( -2,0).  Consequently,  the  quantity  of  air,  applied  at 


i 


the  root  of  feel  f lane,  has  considerable  effect  on  tha  range  of 
saeoth  burning  of  the  liquid  atonized  fuel.  The  consideration  of 
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dependences  foe  a stabilizer  of  the  type  k shows  thit  with  an 
increase  in  the  air  speed  in  opening/apertures  the  excess  air  ratio 
during  flaaeout  decreases,  that  pernits  us  the  conditlons/aode  of 
disruption/separation  to  relate  to  stability  region  C*,  i.  e. , the 
process  of  conbustion  in  preseparation  conditions/nods  is  United  by 
the  process  of  evaporating  the  drops  of  f uel/propellai t.  The  supply 
of  air  in  section  III-IXI,  arrange /located  at  a distance  of  10  ■■ 
fron  blast  nozzle,  does  not  affect  characteristic  <*cp=j(w.)  in  the 
range  of  air  speeds  Wo=40-50  n/s,  but  it  prevents  decrease  d>tp  daring 
increase  Hs  (Pig.  5).  It  is  possible  tq  assuee  that  in  this  case 
appears  the  sapple eentary  zone  of  circulation  M,  which  is  forned 
because  of  the  ejection  of  air  by  central  jets  (Fig.  4)  . rhe  zone  of 
circulation  H can  serve  as  the  suppleaentary  source  of  the 
stabilization  of  f lane  and  contribute  to  aore  rapid  evaporation  of 
the  drops  of  fuel,  providing  the  transition  of  the  conii  tions/aodes 
of  flaaeout  fron  stability  region  C*  into  region  B*,  where  d cp  it 
does  not  depend  on  H0. 

Bore  detailed  study  of  the  effect  of  the  character  of  the  supply 
of  air  along  the  length  of  fuel  flane  on  the  range  of  saooth  burning 
was  conducted  on  a stabilizer  of  the  type  B,  in  this  case,  the  air 
speed  in  opening/apertures  changed  in  the  range  Vo  = 40-99  a/s. 
Investigation  was  conducted  on  three  separate  stabilisers.  Conbustion 
in  preseparation  conditions/aodes  occurs  in  the  zone  of  circulation  N 


f 
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(Pig.  4)  and  in  a stabilizer  of  the  type  4.  During  the  investigation 
of  the  effect  of  a quantity  of  spattering  air  on  the  region  of  stable 
combustion,  the  air  was  fed  through  the  annular  slot  of  different 
height/altitude  ia  the  end/face  of  blast  nozzle.  The  results  of 
investigation  are  represented  in  Pig.  6.  For  the  analysis  of  the  i 

effect  of  a quantity  of  spattering  air  on  the  characteristic  of 
"lean"  flaaeout  on  Pig.  7 are  constructed  dependences 
rtcp  = /(p„  = ,r*-th  »o=c°nst.  proa  the  examination  of  Pig.  7,  it  is 

ev  id  waft  that  there  has  an  optiaua  value  of  the  relative  area  of  slot 
in  the  end/face  of  the  injector;  ^*=0,45  , 

i 


Pig.  7.  Dependence  of  excess  air  ratio  during  "lean"  flaaaout  in 
stabilizer  of  type  B on  quantity  of  spattering  air. 


Key:  Cl)  - Designation.  (2).  Section.  (3).  m/s. 


Page  107. 


Consequently,  a considerable  increase  in  t he  quantity  of  spattering 
air  (?k>0>5)  leads  to  decrease  cl  cf>  and  to  the  contraction  of  an 
entire  field  of  snooth  burning,  which  is  explained  by  the  prevailing 
effect  of  the  retantion  tine  of  nixture  in  stabilizer  in  coaparison 
with  an  inproveaent  in  the  quality  of  fuel  atonizatioa.  The  effect  of 
the  quality  of  fual  atoaization  by  injector  on  conbustion  stability 
is  also  confiraed  by  the  results  of  experiaent  (Fig.  3) . Hhen  making 
a snail  scratch  (6=0. 1 aa)  on  the  nozzle  of  injector  nozzLe  fuel  cone 
becoaes  asymmetric  relative  to  the  axis  of  stabilizer,  which  leads  to 
the  inpoverishaent  of  fuel-air  aixture  in  the  place  of  the  deviation 
of  fuel  flaae  froa  the  wall  of  stabilizer  and  as  consequence  - to 
early  flaaeout.  Figure  9 depicts  to  the  region  of  smooth  burning  in 
stabilizer  during  a change  in  the  quantity  of  air,  appliel  through 
central  opening/apertures  in  section  II-II.  with  an  iicrease  in  the 
quantity  of  air,  supplied  through  central  opening/aper t j res,  occurs 
the  contraction  of  the  region  of  snooth  burning,  whicn,  possibly,  is 
coqnected  with  the  decrease  of  the  retention  tiae  of  fuel-air  aixture 
ia  stabiliser. 
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Pig.  3.  Effect  oa  the  characteristic  of  "lean"  flaaeojt  in  a 

stabilizer  of  the  type  B of  the  quality  of  fuel  atomisation  by 
in  jectcr. 

Kef:  Cl)*  Designation.  (2).  Section.  (3).  a/s. 

Page  408. 

It  should  be  note)  that  a stabilizer  of  the  type  B sale  it  possible 
to  obtain  saooth  burning  at  the  values  of  a juap/drop  in  the  pressure 
fuel/prope  11  ant  &PT  = 30  i/a*,  i.e.r  virtually  before  the  complete 
failure  of  fuel.  A stabilizer  of  the  type  B can  be  used  in  coabustion 
chambers,  to  which  are  presented  the  reguireaents  of  the  provision 
for  saooth  burning  when  <*ep>  400  . 


The  study  of  the  effect  of  the  premizing  of  fuel/propellant  with 
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aic  ob  the  characteristic  of  "lean"  flaaeout  was  carried  out  on  a 
stabilizer  of  the  type  C whose  design  concept  was  represented  in  Pig. 
3.  The  preaixing  of  fuel/propellant  with  air  nakes  it  possible  to 
obtain  good  fael  atonization  with  insignificant  juap/lrops  in  the 
pressure  fuel/propellant.  An  increase  in  the  air  speei  in  the  range 
M„=50- 1 00  a/s  does  not  virtually  change  the  value  of  the  excess  air 
ratio  during  "leal"  flaaeout  (Fig.  6).  The  aerodynanic  investigation 
of  flow  pattern  shows  that  in  stabilizer  is  foraei  two  zones  of 
circulation  H and  L,  the  zone  of  circulation  H being  circular  vortex 
pair.  During  the  decrease  of  the  fuel  consumption,  occurs  the 
extinction  of  flaae  at  first  in  the  zone  of  circulation  L,  and  then 
iq  the  zone  of  circulation  w. 


i 
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Pig.  9.  Region  of  snooth  burning  in  a stabiliser  of  the  type  B. 


Key:  (1).  Designation.  (2).  Section.  (3).  "Rich" 
disruption/sepacat  ion.  (4).  n/s. 


Page  109. 

The  best  stabilizing  ability  of  the  zone  of  circulation  N is 
explained  by  the  high  size/dimensions  of  zone  and  the  possibility  of 
the  closing/shorting  of  flame  front  on  the  ring  of  edly/»ortex. 

We  analyze  thoroughly  the  forn  of  dapendence  c('Cp  = } (wo)  for  a 
stabilizer  of  the  type  C.  In  work  [2]  was  conducted  the  study  of  the 
nechamism  of  combustion  after  screens  at  air  speed  20-40  a/s,  when 
fuel/propellant  wis  introduced  with  the  aid  of  the  swirl  injector 


into  wake  after  screen.  Experiments  showed  that  the  si ze/d imensions 
of  flaae  jet  weakly  depend  on  the  speed  of  airflow,  waich  serves  as 
the  confirmation  of  the  mechanism  of  nice  odif  fusible  turbulent 
coabustion,  i.e.,  occurs  the  diffusion  combustion  of  small  volumes  of 
fuel/propellant  ii  vapor  phase,  distributed  in  airflow.  During  an 
increase  in  the  velocity  of  airflow,  occurs  the  transition  of  the 
process  of  aicroiif fusible  combustion  into  kinetic  region,  i.e., 
combustion  period  will  be  determined  not  by  the  time  of  mixing,  but 
chemical  reaction  time.  D.  A.  Pranck-Kaaenetskiy  identifies  the 
transition  of  comoustion  into  kinetic  region  with  flaieout.  During 
the  study  of  coabustion  stability  in  a stabilizer  of  the  type  C,  the 
size/d imen sions  of  combustion  zone  in  preflaaeout  conditions/modes 
did  not  virtually  change  during  an  increase  in  the  air  speed.  During 
the  decrease  of  the  fuel  consumption,  the  color  of  fliae  varied  from 
yellow  to  azure.  The  azure  color  of  flame  during  coabustion  in 
preseparation  cond itions/aode  attests  to  the  fact  that  occurs  the 
coabustion  of  vaporous  fuel/propellant,  but  not  the  drops  which 
during  coabustion  color  flaae  the  yellow.  Thus,  the  color  of  flame 
and  the  character  of  dependence  c*cp  = ^(We)  serve  is  tae 
confirmation  of  tae  fact  that  in  stability  region  B*  in  preseparation 
conditions/aode  occurs  the  process  of  microdif fusible  combustion. 

During  the  study  of  a stabilizer  of  the  type  B,  also  was 
observed  the  azure  color  of  flame  during  coabustion  ia  p re  separation 
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condit ions /mode,  but  the  character  of  dependence  =J(W#1  can  be 

attributed  to  stability  region  c*,  since  the  excess  air  ratio  during 
"lean"  flameout  decreased  with  an  increase  in  the  air  speed.  The 
comparison  of  the  region  of  smooth  burning  in  stabilize?  with  the 
region  of  smooth  burning  of  uniform  mixture,  undertaken  from  work  [31 
(Pig.  10),  indicates  the  great  similarity  of  the  regions  of  snooth 
burning  on  its  geometry. 


Pa  ge  110. 


It  is  possible  to  assune  that  in  a stabilizer  of  the  type  9 the 
flameout  is  given  rise  to  by  the  transition  of  the  process  of 
microdif fusible  combustion  into  kinetic  combustion,  which  serves  as 
the  confirmation  of  D.  A.  Pranck-Kamenetskiy' s hypothesis. 


% 7a* 


Fig.  10.  Comparison  of  the  region  of  saooth  burning  in  a stabilizer 
of  the  type  B with  the  region  of  snooth  burning  of  uniform  mixture. 

Kef:  (1).  Uniform  mixture.  (2).  Heterogeneous  mixture.  (3). 
Designation-  (4).  Type  of  stab.  (5).  Section.  (6).  kg/cm*.  (7). 
sphere.  (8).  cone.  (9).  Gasoline.  (10).  m/s. 
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SPICIAL  FEATURES  D F GAS-DYNAMIC  (JET)  STABILIZATION  OF  A FLAME  IN 
FLOW  OF  A COMBUSTIBLE  MIXTURE  WITH  A HETEROGENEOUS  COMPOSITION. 

I-  P.  Noty  linskiy,  V.  A.  Kosterin,  Yu.  S.  Alekseyev. 

Ace  investigated  the  liiiits  of  smooth  burning  luring  the 
gas-dynanic  stabilization  of  flane  in  flow  of  hetecoganeous  in 
conpositicn  of  coabustible  mixture. 

It  is  shown,  that  the  parameter,  which  ace  deteriining  Units  of 
the  stabilization  of  flane,  is  the  excess  air  ratio  in  tha  zone  of 
circulation  (zone  of  return  currents). 

In  conbustion  chambers,  the  feed  of  fuel/propel li nt  into 
airflow,  as  a rule,  is  conducted  in  inneiiate  proximity  of  flane 
holders.  These  forming  in  cases  combustible  mixture  is  heterogeneous 
ig  composition,  and  with  the  injection  of  liquid  propellant  - even  on 
phase.  This  substantially  complicates  the  examination  of  the 


JM 
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processes  taking  place  and  creates  supplementary  difficulties  in 
identification  of  the  parameter,  which  is  determining  the  limits  of 
stable  (without  flameout)  combustion  in  flow. 

The  limits  of  the  stabilization  of  flame  in  trace  after  the 
poorly  streamlined  body  for  heterogeneous  tyo- phase  flows  were 
examined  b y 7.  F.  Dunskiy  [1]. 

The  thorough  analyses  of  the  stabilization  of  flame  on  the 
poorly  streamlined  bodies  in  flow  of  heterogeneous  in  composition 
evaporated  combustible  mixture  are  carried  out  by  B.  ?.  Lebedev. 

Page  124. 

In  contrast  to  known  works  in  our  experiments,  are  studied  the 
special  feature/peculiarities  of  the  stabilization  of  a flame  in  the 
noiunifora  flows  on  the  adjustable  by  the  size/diaensLons  and  the 
chemical  composition  jet-edge  screens. 

The  schematic  of  experimental  installation  is  represented  in 
Fig.  1. 

Air  with  compressor  was  supplied  to  combustion  chamber  1,  where 
it  was  preheated  before  the  assigned  temperature  because  of  the 


combustion  of  certain  quantity  of  kerosene. 


Uniform  combustible  mixture  was  created  by  the  faei  a f 
fuel/propellant  * kerosene  T- 1 - into  airflow  through 
collector/recepta: le  2,  adjustable  on  sufficient  distance  from 
experimental  section  4.  For  an  improvement  in  the  mixing,  was 
establish/installed  mixer  3. 

Heterogeneous  mixture  was  obtained  during  the  supplying  of  the 
fuel/propellant  through  swirl  injector  5r  adjustable  an  the  axis  of 
duct  towards  airflow  with  different  distances  (1^  = 600,350,175  mm)  from 
flame  holder.  Angle  of  the  atomization  of  injector  - 30*5*  at  the 
pressure  fuel/propellant  40  atm(abs.). 

The  temperature  of  combustible  micture  in  front  af  the 
stabilizer  of  flame  during  tests  remained  the  constant,  equal  to 
97 3°K . The  speed  af  flow  changed  in  the  range  70-150  m/s.  Air  of  the 
stabilizing  jet  was  preheated  in  a heat  exchanger  befare  temperature 
of  520°K . In  the  main  line  of  the  supply  of  this  air,  is 
establish/installed  the  injector  for  feeding  kerosene,  which  makes  it 
possible  to  change  the  composition  of  mixture  over  a wide  range 
(during  tests  o©  =• 


Gas-1  ynanic  flame  holder  6 (Fig.  1)  has  the  follawinq  geometric 


/ ■ — 
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paraaeters:  the  diaaeter  of  tube  22  aa,  the  aidth  of  slot  0.8  aa,  the 
angle  of  the  bloat  ng-in  of  jet  of  135®.  saapling  for  gas  analysis 
froa  the  zone  of  return  currents  aas  conducted  throagh  cooled  probe 
7.  Sanple/tests  were  analyzed  to  the  carbon-dioxide  contest  and 

oxfgen. 


Pig.  1.  Installation  diagram. 

; 

/ 

Key:  (1).  Air  which  stabilizes  jet.  (2).  Pro*  compressor.  (3). 
fuel/propellant.  (4).  fuel/propellant. 

Page  125. 

The  temperature  of  gases  in  the  zone  of  return  currents  was  measured 
by  the  platinum-platinum-rhodium  thermocouple  with  antenna  joint, 
fastenj/strengthenad  to  probe  7. 

The  limits  of  smooth  burning  were  remove/taken  in  the  assigned 
conditions/mode  by  of  decrease  or  increase  (the  "lean*  or  "rich" 
region  of  combustion)  in  the  feed  of  fuel/propellant  into  flow  to 
complete  flameout  after  stabilizer.  In  preseparation  conditions/modes 
( 0 .9-0.. 95  from  maximum  impoverishment  or  enrichment)  was  aeasured  the 
temperature  and  the  composition  of  gas  in  the  zone  of  return 


J 


currents 
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The  calculations,  carried  out  accorling  to  the  procedure  of  ft. 

N.  Terastov  [2],  show  that  the  injected  kerosene  for  the  temperatures 
accepted  and  the  speeds  of  flow  and  the  selected  distances 
evaporates  to  75-95o/o.  The  evaluation  of  the  trajectories  of  drops 
shows  that  the  large/coarse  drops  (d>60  p|  do  not  falL  into  the  zone 
of  circulation,  but  they  burn  directly  in  flaae  front.  This  gives 
grounds  with  certain  approach/appr oximation  to  count  the  conbustible 
Mixture,  flowing  to  flame  holder,  to  uniform  in  phase,  but  with  the 
heterogeneous  in  section  composition  of  mixture. 


Results  of  investigation. 


Figure  2 depicts  the  maximum  excess  air  ratios  of  uniform  and 
heterogeneous  combustible  mixture  dependiqg  on  the  axcess  air  ratio 
of  jet  of  constants  to  temperature  and  speed  of  flow  and  the  constant 
hydrodynamic  parameter 


where  V,  W - jet  velocity  and  flow; 


Pv>P w " of  jet  and  flow, 


— — — — 7" — — - 
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Both  for  unif ora  ones  and  heterogeneous  ones  in  composition  of 
mixtures  during  the  enrichment  of  the  stabilizing  jet  the  limits  of 
smooth  burning  are  shift/sheared  into  the  region  of  "Lean"  mixtures. 

Extreme  points  in  curves  correspond  to  the  left  to  the  limits  of 
the  stabilization  of  flame  on  the  jets  of  pure  air.  During  the 
enrichment  of  jet  by  fuel/propellant  the  curves  for  different 
distances  betmeen  the  injector  and  the  stabilizer  (different 
heterogeneities)  converge  into  two  points.  At  these  point3  in  the 
flow  of  gas  after  preheating  chamber,  burns  only  the  fuel/propellant, 
supplied  to  the  stabilizing  jet. 


Page  126. 

Flameout  is  achieved  by  impoverishment  or  enrichment  of  the 
composition  of  the  mixture  of  the  stabilizing  jet.  Thasa,  are  the 
nodes  of  operation  of  the  so-called  gas-dynamic  precombustion 
chamber. 

The  a pproach/appr oximation  of  injector  to  flame  holder  displaces 
the  limits  of  smooth  burning  into  region  of  more  than  "Lean" 
mixtures,  which  is  connected  with  an  increase  in  the  heterogeneity  of 
combustible  mixture  in  the  section  of  the  camera/chamoer . 

1 

I ' ' 

L 
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It  is  coapletely  obvious  that  the  limits  of  the  stabilization  of 
flaae,  designed  by  the  average/aean  coaposition  of  mixture  in 
heterogeneous  in  coaposition  flows,  will  depend  not  only  on  the 
distance  between  injector  and  flaae  holder,  but  also  froa  the 
charaoteristics  of  injector  (angle  of  atomization,  the  quality  of  its 
production),  of  si  ze/diaensions  of  experiaental  section,  etc. 


Everything  enumerated  does  not  aake  it  possible  to  obtain 
sufficiently  general  laws  during  the  study  of  the  liaits  of 
coabustioa  in  beta ooganeous  mixtures  in  the  usually  adopted 


coordinates  «,). 
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Pi?*  2.  Halts  of  the  stabilisation  of  the  flaae:  ^ . 25,0;  w - 115 
a/s;  oe-L.*®  (onifora  aisture)  ; Ak  - taOO  aa;  0+  - 350  a«;  oo  - 17‘ 

BJI  . 

Page  127. 

Figure  3 depicts  those  measured  by  the  gas  analysis  of  the  field 
of  the  excess  air  ratios  pered,  by  flaae  holder  undar  conlitions, 
close  to  separation  ones  (Fig.  2),  when  «*  - oo  (pure  air|  . 

It  is  evident  that  combustible  aixtjre  in  the  center  of 
overenrichaent  and  the  aore  powerful,  thin  nearer  is  i rrange/located 
injector  to  stabilizer.  Since  about  stabilizer  flows  only  the  part  of 
the  flow  near  the  axis  of  duct,  then  it  is  possible  to  assume  that 


DOC  = 78204402 


PAGE 


the  flaseout  will  be  determined  from  the  aid  section,  but  by  the 
local  excess  air  ratios  in  the  zone  of  circulation. 


Figures  4 and  5 depict  the  results  of  the  neasuraaants  of  the 
local  excess  air  catiosd‘OT  aad  of  temperatures  of  gas  Tigr  in  the 
zone  of  return  currents  under  conditions  close  to  separation  ones 
(Fig.  2). 
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Fig.  3.  Fuel  distr  ibat  ion  before  the  gas-dynamic  (jat-eiga)  flame 
holder  in  the  praseparation  condit ions/aodes:  1 - an  if  oca  mixture 
*600bb  pressure  fuel/propellant  8 and  22  atm  (aba.) 
respectively;  3 - i *350  mm  pressure  f ael/propellant  5 and  14.5 
ata(abs.)  respectively. 
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Page  128. 
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Fig.  4.  Compositions  of  mixture  in  zone  of  return  currents  (zone  of 
circulation)  under  conditions,  close  to  separation  onas: 

-25,0;  w - 115  m/s;  o-L.-  «*>  ; - 600  na;  -350  aa;  a -175mm. 
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0 Ofi  1,2  1,6  2,0  JL 

Pig-  5.  reaper*  cur es  of  combustion  products  under  conditions,  close 
to  separation  ones,  in  the  "lean"  region  of  the  conbustion: 

25,0;  * w - 115  s/s;  o -U,=  <*>  ; a _ 600  ■ $ - 350  ■■  aid  ° - 175  . 


Pa  ge  129. 


Is  obtained  interesting  result  - with  the 
preser vation/reten tion/raainta ining  of  the  constant  hydrodynamic 
parameter  ^ the  flameout  always  begins  with  the  constant  excess  air 
ratio  (and,  correspondingly,  to  the  constant  temperatire  of  gases)  in 
the  zone  of  return  currents  regardless  of  the  fact,  with  what  degree 
of  heterogeneity  the  combustible  mixture  attacks  to  fLane  holder  and 
by  the  mixture  of  what  composition  is  stabilized  flame.  This  is 
explained  by  the  fact  that  at  the  constant  hydrodynamic  parameter 
g the  size/dimeasions  of  zone,  return  currents  ani  zone  of 
circulation,  and  also  field  of  velocities,  pressures,  temperatures  in 
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all  preseparation  conditions/nodes  remained  in  effect  constant  [3]. 
Because  of  this  ti»e  available  tine  of  the  flow  of  gas  in  the  zone  of 
circulation  was  constant,  therefore,  was  constant  in  aaxisum 
conditions/nodes  a nd  the  equal  to  it  delay  time  of  inf laaaation, 
depending  unambiguously  on  the  temperature  of  the  igniting  gases 
(composition  of  mixture)  in  zone.  On  the  basis  of  this  during  the 
investigations  of  the  stabilization  of  flame  in  the  flow  of  uniform 
mixture,  the  excess  air  ratio  in  the  zona  of  circulation  is  taken  as 
the  determining  parameter  [4], 


In  uniform  flows  [3]  the  length  of  the  zone  of  ratarn  currents 
and  diameter  are  the  functions  of  the  design  ( £>0,  poi  d.e  ) and  regime 
( q.  , 8 ) parameters 


30T 


JOT 


= Kd. 


Assuming  that  in  the  first  approximation,  the  size/d iiensi ons  of  the 
zone  of  return  currents  (zone  of  circulation)  substantially  do  not 
depend  on  the  homogeneity  of  the  composition  of  mixture  by  the 
section  before  the  stabilizer  (which  is  i ndirecv.ly  confirmed  by 
constancy  gi * and  y in  preseparation  con ditions/modas  for  the  flows 

»OT  »OT 

of  uniform  and  heterogeneous  mixture),  it  is  possible  to  select, 
also,  for  heterogeneous  in  composition  flows  as  the  datarnininq 
parameter  the  excass  air  ratio  in  the  zone  of  circulation. 


» 
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However,  it  is  necessary  to  note  that  the  considerable 
ap proach/a pproxima tion  of  injector  to  flame  holder  (less  than  175  mm) 
leads  for  the  selected  regime  parameters  to  an  increase  in  the 
portion  of  the  ne- evaporated  f uel/propell ant,  which,  in  tarn,  changes 
the  limits  of  smooth  burning  after  flame  holder  because  of  existence 
of  phases. 

Page  130. 

For  reliable  provision  selected  d in  the  zone  of  circulation  it 
is  necessary  to  know,  what  part  of  the  fLow  before  the  flame  holder 
form/shapes  this  composition  in  the  zone  of  circulation.  In 
experiments  in  stable  combustion  behavior,  was  supplied  to  the  flow 
before  the  stabilizer  through  the  cooled  probe  aqueous  solution  Nact. 

) 

From  the  beginning  of  the  dyeing/coloration  of  the  zone  of  return 
currents,  was  determined  the  significant  dimension  of  the  region  of 
flow  (the  "tube"  of  flow). 

I } 

The  analysis  of  the  obtained  results  showed  that  witn  an 
increase  in  the  hydrodynamic  parameter  q in  the  size/dimension  of 
the  slot  of  the  blowing-in  of  the  stabilising  jet  6,,  and  also  of 
turbulence  level  £ the  significant  dimension  of  the  "tube"  of  flow 
increases. 


r'  ’ 
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The  chosen  "tube"  of  the  flow  before  the  gas-dyntaic  flame 
holder  is  conveniently  calculated  with  the  aid  of  coefficient  a,  [4], 


Utilizing  si » pie  dependences,  we  will  obtain 

k.  g.  / p v 

*r.  ♦-v-*- (•--£).  (» 


c1  - rn<  ^ rv 

m."  w 


where  m1  - a aixing  factor; 


'rv 


^rW  - quantity  of  gas  of  the  flow,  ejected  by  the  stebilizing 


Gry  - quantity  of  gas  of  the  stabilizing  jet; 
lwiw  - weight  density  and  speed  of  flow; 

- area  of  the  tube  of  gas-dynamic  flame  holder; 

- area  of  experimental  section; 

Gk  - mass  flow  rate  of  gas  through  the  experimental  section; 

Kj  - coefficient,  depending  on  the  turbulence  level  of  flow  and 
equal  to  *-4.8  in  the  range  £ . 5 io£; 
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&.  - value  3 £ mass  exchange  between  the  zone  of  circulation 

after  the  poorly  streanlined  body  and  the  incideut  flaw*. 

FOOTNOTE  *.  In  the  value  of  mass  exchange,  is  accumulated  at  present 
considerable  experimental  material  (T.  A.  Bovina,  S.  Vinterfeld,  E. 

L.  Solokhin,  B.  A.  Silant'yev,  etc.).  ENDFOOTNOTE. 

Pa  ge  131. 

The  comparison  conducted  showed  that  the  ratio  of  the  measured 
"tube"  of  flow  to  that  calculated  by  formula  (1)  is  cLose  to  one 
(Fig.  6).  Satisfactory  agreement  is  obtained  also  during  the 
comparison  of  the  measured  excess  air  ratio  * in  the  zone  of  return 
currents  with  those  designed  by  the  avenges  ol  in  tie  "tube"  of 
flow  and  the  known  values  of  mixing  factor  mt  and  cl*. 

Thus,  knowing  m,  and  the  flow  of  tha  gas  of  jet  Grv,  it  is 
possible  to  calculate  an  area  of  the  "tube"  of  flow  and  a quantity  of 
gas,  ejected  from  flow. 

These  investigations  made  it  possible  to  establish  that  the 
mixing  factor  m»,  conditionally  introduced  for  the  calsulitions  of 
local  ones  a in  the  zone  of  circulation,  makes  clear  physical 


sense 


There  is  no  loubt  that  dependence  (1)  can  be  utilized  for  the 
calculations  of  the  stabilization  of  flame  not  only  in  heterogeneous 
ones  in  composition  of  mixture,  but  also  in  heterogeneous  ones 
according  to  speed,  temperature,  degree  of  contamination  and  so  forth 
flows. 

Conclusion  s. 

The  approach/approximation  of  a fuel  injector  to  flaae  holder 
(in  particular  to  jet)  increases  the  heterogeneity  of  fuel 
distribution  according  to  the  section  of  the  earner  a/ chamber  and 
displaces  the  limits  of  smooth  burning,  designed  by  ct*  , into 

the  region  of  more  than  "lean”  mixtures. 
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Page  132. 

However,  the  chan cter istics  of  the  disruption/separ at  ion  of  a 
siailar  fora  are  not  coaaon/ge nera 1/total  ones,  since  they  include 
the  characteristics  of  injector.  Therefore  for  the  evaluation  of  the 
stabilization  of  flame  in  heterogeneous  in  coaposition  of  mixture 
flow  as  that  being  determining,  one  should  take  the  excess  air  ratio 
in  the  zone  of  circulation  (zone  of  return  currents)  , foraing  as  a 
result  of  cooperating  the  part  of  that  encountering  heterogeneous  in 
composition  of  flow  and  jet  in  the  general  case  of  any  variable 
coaposition. 


■ 


In  the  case  when  it  is  possible  to  disregard  the  existence  of 
phases  of  combustible  mixture  and  to  examine  it  only  »y  heterogeneous 
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in  composition,  selected  by  that  being  determining  the  excess  air 
ratio  is  numerically  equal  to  the  excess  air  ratio  in  preseparation 
comditions/modes  in  the  zone  of  circulation  after  stabilizer  in 
uniform  on  phase  and  composition  of  mixture  flow. 

*1 

Ls  determined  the  region  of  the  flew  before  the  flima  holder, 
which  forms  the  excess  air  ratio  in  the  zone  of  circulation,  and  is 
proposed  the  method  of  its  calculation. 
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Page  133. 

STABILIZATION  OF  F LABE  IN  G AS- DYNAHIC  PRECOHBUSTION  CHA1BBRS. 

H.  Sh.  Gilyazov,  V . A.  Kosterin,  P.  K.  Smorodin. 

Are  given  the  results  of  the  experimental  investigation  of  the 
stabilization  of  flaae  in  gas-dynamic  preconbustion  ctaabers  in  the 
flows  of  different  speeds  and  temperatures.  Are  explained  the  special 
feature/peculiarities  of  the  carburetion  in  zone  of  reciprocal 
velocities.  Is  aaie  an  attempt  at  the  generalization  of  the  obtained 
characteristics.  Is  proposed  the  nethod  of  calculation  of  separation 
liaits  according  to  the  parameters  of  the  incident  flow  and  jet. 

Gas-dynamic  preconbustion  chamber  is  equipment/device  for 
combusting  the  liquid  or  gaseous  fuel  in  the  high-speed  airflow  or 
mixture  of  air  with  combustion  products.  Its  name  it  t as  called  as  a 
result  of  the  fact  that  the  zone  of  circulation,  necessary  in 
preconbustion  chambers  for  flaae  stabilization,  is  formed  as  a result 
of  gas-dynamic  interaction  with  the  carrying  flow  of  gas  jet  (fuel. 


1 


DOC  = 782044Q3 


PAGE  jk  / 


the  oxidizer,  for  example,  of  air  or  their  mixture)  , the  supplied 
froa  housing  preco abust ion  chaaber  through  the  annular  nozzle  across 
the  sain  flow.  The  scheaatic  of  gas-dynaaic  precoabust ion  chamber  is 
given  in  Fig.  1.  P uel/propellant  for  conbustion  is  supplied  with  the 
stabilizing  jet  in  the  atomized  and  evaporated  state  or  directly  into 
the  zone  of  circulation  through  arranged/located  here  injector  [ 1 ]. 

Gas-dynamic  precoabustion  chambers  according  to  operating 
principle  are  the  adjustable  conbustion  chaabers.  Transverse 
size/diaensions  them  can  be  regulated  by  a change  of  feeding 
stabilizing  gas. 

Page  134. 

Gas-dynaaic  precoabustion  chaabers  it  is  expedient  to  utilize  for 
heating  of  gas  in  afterburners  turbojet  and  bypass  engines.  They  can 
also  be  applied  a3  the  adjustable  camera/chaabers  for  tne  preheating 
of  cold  air  during  the  two-stage  process  of  coabustion. 

In  this  article  are  given  the  results  of  the  experiaental 
investigation  of  the  stabilization  of  flame  in  gas-iynaiic 
precoabustion  chaabers.  kru  given  stalling  characteristics  with 
different  size/diaensions  of  precoabustion  chamber  in  the  flows  of 
different  speeds  i nd  temperatures.  Are  explained  the  special 
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feature/peculiarit ies  of  carburetion  in  the  zone  of  raciprocal 
velocities.  Is  aade  an  atteapt  at  the  generalization  of  tie  obtained 
characteristics  and  development  of  the  aethod  of  calcilation  of 
separation  liaits. 

Investigation  was  carried  out  on  the  precombustion  cnamber, 
establish/installa d in  the  flow  core  of  gas  in  the  section/shear  of 
the  duct  with  a diameter  of  200  am. 

Fuel/propellant  (kerosene)  into  precombustion  chimoer  was 
supplied  in  were  heated  to  330£l0°C  compressed  air  througi  the 
jet-edge  collector /receptacle,  arrange/located  in  the  cylindrical 
part  of  the  housing  of  precoabustion  chaiber.  Heating  compressed  air 
was  conducted  in  heat  exchanger.  As  a result  of  the  fict  that  into 
air  was  supplied  a considerable  quantity  of  fuel/propellant,  for  the 
best  aixing  of  fuel/propellant  with  air  and  increase  in  the 
uniformity  of  mixture  after  collector/receptacle  was 
establish/installad  multiturn  worm  conveyor.  Fuel-air  mixture 
escape/ensued  through  the  annular  slot  at  angle  of  135°  to  flow 
direction,  forming  gas  curtain. 
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Pig.  1.  Schematic  of  gas-dynamic  precoabustion  chamber. 

Page  135. 

Stalling  characteristics  were  remove/taken  as  follows.  At  given 
speeds,  pressures  and  temperatures  of  flow  and  jet  via  of  enrichment 
or  leaning-out  of  mixture  of  jet,  with  the 

preservati on/re  tea tion/aaintaining  of  tha  remaining  parameters 
consta  nt/i  nvar  iabl  e,  was  achieved  rich  or  lean  flameout.  Then 
precoabustion  chamber  was  started  again.  In  preseparation 
conditions /mode  ware  measured  the  flow  rates  of  air  of  high  and  low 
pressures  and  the  parameters  of  flow  and  jet.  Pigur9  2 gives 
separation  limits  according  to  the  excess  air  ratio  in  jet  of  the 

constant  velocity  coefficient  cf  incident  flow  0,18,  but  different 
temperatures  of  fLow  and  hydrodynamic  parameters  of  jat  q * A . The 
character  of  a change  in  the  separation  limits  with  others  (from 
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0.14  to  0.55)  is  analogous  given.  From  curve/graph  it  is  evident  that 
the  separation  boundaries  during  an  incraase  in  the  hydrodynamic 
parameter  are  displaced  to  the  side  of  richer  mixtures.  Kith  an 
increase  in  the  temperature  of  flow  Tw , on  the  contrary,  they  are 
displaced  to  the  side  of  lean  mixtures. 


Fig«  A.  Separatioi  Halts  according  to  the  excess  air  ratio  in  jet 
d¥  of  the  velocity  coefficient  of  incident  floa  - 0,18 

Key:  (1)  . illegible. 

Page  136. 


1 


The  aechanisi  of  the  stabilization  of  flame  on  the  jet-edge 
screens,  the  excess  air  ratio  of  which  is  identical  o: 
insignificantly  differs  from  the  excess  air  ratio  of  the  incident 
flow,  is  studied  in  sufficient  detail  [2,  3].  In  the  first 

approximation,  it  is  possible  to  count  that,  in  gas-dyn  aaio 
precombust  ion  chamber  the  mechanism  of  the  stabilization  of  the  flame 
in  principle  of  the  same. 
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However,  an  essential  difference  between  av  in  the  jet  and  c<w 
flow  in  the  case  of  gas-dynamic  precombustion  chamber  introduces  into 
the  mechanism  of  the  stabilization  of  flame  a series  of  special 
feature/peculiarities.  For  example,  the  temperature  of  the  gases, 
which  ignite  fresh  mixture,  is  determined  by  the  local  composition  of 
mixture,  that  are  formed  with  the  diffusion  mixing  of  the  jet,  which 
contains  a large  quantity  of  f uel/propella  nt  (evaporate!  and 
ne-evapo rated)  , with  flow. 

For  the  calculation  of  the  local  importance  of  the  excess  air 
ratio  in  the  zone  of  mixing  c*m)  in  work  £4}  is  introdiced  coefficient 
mt , equal  to  the  ratio/relation  of  the  weight  quantity  of  mixture, 
ejected  by  jet  from  flow  the  weight  of  gas  of  jst  Gy 

Work  [5]  experimentally  shows,  that  ejected  by  jet  and  the 
entering  the  Zv.ne  of  mixing  quantity  of  gas  from  the  incident 

flow  enters  from  the  tube  of  flow  with  diameter  Dm(  . Tie  gas,  which 
takes  place  out  of  tube,  does  not  fall  into  the  zone  of  mixing  and 
does  not  participate  in  shaping  of  local  ones  & in  tha  zone  of 
reciprocal  velocities. 


The  comparison  of  the  areas  of  tubes  of  flow  before  stabilizers 


/ 
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with  the  areas  of  the  cupolas  of  gas-dynamic  stabilizers  or 
precombustion  chambers  in  flows  with  approximately  identical 
turbulent  characteristics  showed  that  the  ratio/rala  tL  ons 


'mi 


»«*  - < 


remain  constants  with  different  ones  , Tw  (Fig.  3).  Here  £ 

diameter  of  cupola  without  combustion. 

This  result  :an  be  used  for  the  construction  of  the  simplified 
method  of  the  calculation  of  mixing  factors  mt,  and  consequently, 
local  in  the  zone  of  the  reciprocal  velocities  in  preconbust ion 
chambers  in  the  parameters  of  the  incident  flow  and  jat. 

Page  137. 


Nixing  factor 


A W0  F jm<  n i \ 
"S  G~  = “p~v  r 

V Tv  Y KD 


p w ^ E 0 Tjr  ) 

J>yV0  ^ 


The  diameter  of  cupola  is  calculated  froi  the  parameters  of  the 

incident  flow  and  jet  [6] 

= d-.  + K,  &oC9  °"PH  A - 135°;  K,  - 16,0. 

Key:  (1)  . with. 
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If 


After  substitution 

Dk 

and  simple  coq versions. 

w>  wiLl  obtain 

m,  Av/V<)-)R> 

1 " 

(•Vx-W'ir, 

’ > r.’tiy*. 

Tv 

Expression  for  mt  is  analogous  with  the  dependence,  obtained  by  T.  B. 
Palatnik  and  D.  Z\ . Temirbaev  [7], 

The  axcess  air  ratio  in  the  zone  of  reciprocal  velocities  is 
calculated  from  known  formula  [3] 


<*_  = 


nry 
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In  Pig.  4 limits  of  the  stabi  lizatiog  of  the  flame  of 
gas-dynamic  precom bustion  chambers,  obtained  at  different 
temperatures,  velocities  of  incident  flow  and  in  hydrodynamic 
parameters,  are  generalized  in  the  form  of  dependence  [9] 


W 


T VJKI. 


L.Pw  V 

The  length  of  the  zone  of  reciprocal  velocities  mas  calculated  from 
the  formulas  of  wort  [6]. 


Both  "lean"  and  "rich"  of  the  boundary  of  breakaway  of  flame 
satisfactorily  they  are  generalized  in  the  adopted  coordinates  (Pig. 
4)  - 


Utilizing  the  obtained  generalized  dependence  and  the  proposed 
procedure  of  calculation  of  compositions,  were  designed  separation 
limits  by  <*y  (solid  lines  in  Fig.  2).  Calculated  curves  will  agree 
sufficiently  well  with  the  data  of  experiments. 

Cone  lusions. 

1.  Conducted  experimental  investigation  of  limits  of  smooth 
burning  of  gas-dynamic  precombustion  chambers. 


2.  Obtained  analytical  expression  for  calculation  of  mixing 
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Pa  ge  141. 

CALCULATION  OP  COMBUSTION  CHAMBER  WITH  FLAME  HOLDERS. 

V.  A.  Roster  in,  B.  A.  Rogozhin,  V.  T.  Dudkin. 

Is  presented  the  method  of  calculation  of  direct- flov  combustion 
chamber  taking  into  account  the  flame  holders  of  different  types 
(poorly  streamlined  and  jet-edge)  . 

Are  given  examples  of  calculation  and  comparison  with  the 
results  of  experiment. 

Heat  supply  to  the  dri  ving/moving  gas  in  flow,  by  limitation  by 
vails,  is  typical  for  the  combustion  chambers  of  the  \ ir-a reathing 
and  compound  engiies. 

Parameters  of  flow  at  the  entrance  into  the  earner  a/chamber  and 
its  transverse  size/dimensions  are  defined  during  the  calculation  of 
the  optimum  thrust  and  economic  engine  characteristics  taking  into 
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account  its  iake-u  p on  flight  vehicle  and  are  assignei  as  initial 
data  for  calculation  and  planning. 

Into  the  tast  of  calculation,  enters  the  detera ii at  ion  of  the 
position  of  flaae  edges,  change  in  the  pressure,  tenpsrature,  speed 
and  combustion  efficiency  of  fuel/propellant  along  the  length  of  the 
caaera/chaaber. 

Question  vita  the  position  of  flaae  front  in  the  driving/moving 
flow  in  pipe  of  constant  cross-section  during  ignition  f roa  point 
source  was  exaainad  in  works  [1-5].  It  was  assuaed  that  the  fresh 
aixture  and  coabustion  products  are  divided  infinitely  with  the 
fine/thin  flaae  front,  in  which  abruptly  are  changed  the  parameters 
of  gas. 

Pa  ge  142. 

For  the  final,  width  of  the  zone  of  coabustion,  characteristic 
for  real  coabustion  chaabers,  the  most  complete  and  precise 
mathematical  solution  is  obtained  by  A.  V.  Talantov  [i,  7]. 
Analogously  this  sane  problem  solves  K.  P.  Vlasov.  [8].  Difference, 
in  essence,  consists  in  the  selection  of  the  condition,  closing 
solution  for  the  calculation  of  the  width  of  coabustion  zone. 
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All  the  available  calculation  methods  ace  carried  out  for 
coabustion  chaabers  with  point  source  of  ignition.  In  real  combustion 
chambers,  for  example,  in  ramjets  and  TRDF  [ ip - turbojet  engine 
with  afterburner],  the  degree  of  blanket  by  flaae  hollers  reaches 
40-50o/o . 

In  the  set-forth  method  is  considered  the  presence  in  the 
coabustion  chamber  of  flame  holders  and  their  effect  on  combustion 
characteristics. 

By  investigations  in  the  intensity  of  turbulence  during 
interaction  of  the  carrying  flow  with  aechanical  and  jet-edge  flame 
holders  [9]  it  is  establish/installed,  that  the  intensity  of 
turbulence  in  trace  after  flaae  holders  reaches  40-103o/o.  In  the 
remaining  region  of  the  camera/chamber,  is  retained  tarbulence  of 
incident  flow  (5-10 0/0).  With  this  sharp  difference  to  turbulence 
levels  and  the  mechanisms  of  combustion  in  different  regions, 
probably,  will  be  different  [10].  In  connection  with  this  the 
mixture,  which  enters  the  camera/c haaber,  it  is  expedient  to  break  on 
two  parts.  One  part  of  the  aixture  with  composition,  in  t»e  general 
case  different  froa  the  composition  of  the  Bain  flow,  burns  in 
"tube",  (including  and  the  high-te mperatute  turbulent  zone 
circulation),  in  trace  after  stabilizer  it  is  calculated  from  the 
equations  of  chemical  kinetics  [11,  12],  Another  part  of  the  mixture 
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burns  in  "annular  channel"  around  "tube"  and  is  calculatel  from  the 
equations  of  gas  1 ynamics  and  coubustion  in  the  turbulent  flow, 
analogous  in  work  [6]. 

The  separation  of  flow  on  two  parts  is  conducted  on  the  basis  of 
the  research  of  gas  dynamics  of  interaction  flaae  holler  with  flow 
[13]. 

Let  us  examine  characteristic  for  engines  cylindrical  combustion 
chamber. 

Page  143. 

Besides  the  adopted  assumptions  in  works  [6,  7]  about  the 
unidimensionality  of  the  incident  flow  at  the  entrance  into  the 
combustion  zone  and  flow  of  the  products  of  the  complete  combustion 
and  about  the  constancy  of  static  pressure  over  the  cross  section  of 
the  camera/chamber,  are  accepted  still  following: 

1.  The  combustion  of  mixture  occur/flow/lasts  in  the 
ne-communicatmd  channels. 

2.  In  central,  "tube"  mixture  burns  behind  flame  front, 

■f- 

perpendicula r to  axis  of  camera/chamber.  This  flame  front  is 


^ A 
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arrange/located  in  the  section  of  the  blowing-in  of  the  stabilizing 
jet  or  in  the  section/shear  of  mechanical  stabilizer. 

In  Figs.  1,2  represented  the  schematic  ot  flow  after  jet-edge 
flame  holier  and  the  design  diagram  of  tie  earner a/chai ber.  In  the 
known  parameters  of  gas  flow  in  section  0-0  for  calculation,  it  is 
necessary  to  know  the  parameters  of  gas  in  section  1-1. 


The  diameter  of  "tube"  in  zone  is  taken  equal  to  the  diameter  of 
the  zone  of  circulation.  For  jet-edge  flame  holders,  it  can  he 
calculated  by  the  formulas: 


( ') 

npH  j3^  135°; 


Key:  (,1)  • with 


( " 0 
npKfi.  90°. 


Key:  £1)  . with 
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Fig.  2.  Desig*  diagram. 


Page  144. 

Here  d0  - dianeter  of  the  tube  of  jet-edge  stabilizer; 

b0  - size/dii ension  of  slot  for  the  blowing-in  o£  gas; 

- angle  of  the  blowing-in  of  gas; 
q - fxSl  - ratio/relation  of  velocity  heads  of  jet  ini  flow 
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degree  of  preheating. 


A quantity  of  gas,  passing  through  the  "tube",  is  ieterrained 
from  mixing  factor  mt  for  jet-edge  stabilizers  [14].  It  is  assumed 
that  entire  gas  of  jet  and  ejected  by  them  gas  from  the  part  of  the 
incident  flow  by  s ize/dimension  Dtd  they  occur/f low/li  st  through  thp 
"tube" 


where  Q 

rv 


a 


G 

G 

quan  tit  y 


TP 


W 


TP 


a 

of 


= Gr,  "V 
“ ®r<(rnt+,)> 
gas,  supplied  by 


the  stabilizing 


jet . 


In  wort  [14]  it  is  noted  that  the  aixing  factor  i,  depends  in 
essence  on  the  angle  of  the  blowing- in  of  jet  and  little  it  changes 
over  a wide  range  of  a change  of  the  regiae  and  design  parameters  in 
combustion  chamber.  On  the  average  it  is  possible  to  accept  for 
0o  =6 0°-m , = 2.5;  0o=9O°  - m,  = 4.5; 


0O  = 135°  - m , = 6.5. 


Page  145 


DOC  = 78204404 


PAGE 


.3EL 


During  the  stabilization  of  flame  on  the  jets,  the  excess  air 
ratio  of  which  differs  from  the  excess  air  ratio  in  flow  ^ o in 
"tube"  it  is  form/shaped  mixture  with  certain  "a  vera  ga"  c<Tp  - The 
excess  air  ratio  in  this  case  is  determined  by  the  excess  air  ratios 
in  jet'  and  in  flow,  and  also  by  coefficient  it: 


TP 


* 0 +anr.) 


Thus,  knowing  coefficient  mt  can  be  determined  6rT>  * Gr  ' ^rp 
and  by  the  equatian  of  continuity  the  diameter 


Tl  =,/  Grv 

Y u w +d»  • 


where  If,  and  M0  - specific  gravity/weight  and  gas  veLocity  in  the 

incident  flow. 


For  flame  holders  in  the  form  of  the  poorly  streamlined  bodies, 
we  take 


^TP-  ^«L1  — K.D 


3H 


'l^cTaS  . 


Coefficient  Ke  is  the  function  of  size/dimension  and  form  of 
stabilizer,  degraa  of  blanket.  For  stabilizers  in  the  form  of  cone 
with  apex  angles  of  30-60°  and  degree  of  blanket  10-3)o/o,  it.  is 


j 


* - 
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possible  to  accept  K2=  1.30- 1.22  [13] 


V Ka  ^cto6. 


Coefficient  K3  is  the  function  of  the  sane  parameters,  as  K2.  We  take 
K3=0. 8-1.0. 

Proa  known  onesDTp  and  $TB  are  determined  the  parameters  of  gas 


'TP 


flow  in  section  1-  1. 


The  combustion  efficiency  of  fuel/pc opellant  in  "tabe"  is 
calculated  from  tie  equation  of  chemical  reaction  rate  £ 15 ] 


= K c^c^  t0-*  V7* 


Page  146. 

After  a series  of  conversions,  calculated  equation  fo:  second-order 
reaction(a=>)+ji*.  2)  » md  half-angle  of  the  expansion/disclosure  of  the 
flaae  front  of  90®  (c  = ctg  90°=0)  will  take  form  [11,  12] 


X = \ - 


i 

f + al  ’ 
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where  a5yy---  the  first  criterion  of  similarity  of  Damkohler  [ 12  ]; 

" XllM 


2 = -_JL.  - axial  nondimensiona  1 distance. 

■^TP. 


Approximately  criterion  a can  be  estimated  according  to  the 


eqaation 


_ JL  <*k  T s°l 

R-T,(<*L,+  ()  H* 


vhere  K - a constant;  it  is  accepted  equal  to  1.4*10®  m3/s»kg$ 


a,  L0  * excess  air  ratio  and  stoichiometric  coefficient; 


T1#  P,  - initial  temperature  and  pressure; 


H,  - gas  constants; 


Lk(Dtt')  - length  (or  diameter)  of  combustion  chaibar  ("tube"); 


Tr  “ T. 

rtp 


r‘P  toPmax  E 

balk  of  fuel/props llaat  [15]; 


r max.  _ conditional  temperature,  at  which  burns  the 


E - activation  energy; 
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~ average  speed  of  the  notion  of  mixture  along  "tube". 

Knowing  combustion  efficiency,  it  is  possible  to  calculate 
speed,  temperature  and  pressure  gas  along  the  length  of  cylindrical 
••tube"  according  to  Known  from  gas  dynamics  methods  (for  example 
[16])- 

Page  147. 


For  the  calculation  of  the  parameters  in  "annular  channel"  we 
utilise  the  following  equations: 

1.  Thm  equation  of  conservation  of  mass  fpr  entice  flow 

F* 

FT')mfc  Wc<fWc)+//V  W,dF+AWn(Fn-Frp). 
where  - combustion  chamber  area; 

Fc  - total  sectional  area  of  the  flow  of  the  praducts  of 
combustion,  zene  of  combustion  of  "tube"; 

~ sectional  area  of  combustion  products  and  "tube"; 

PTp  - sectional  area  of  "tube". 


/ 7 
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Here  and  subsequently  index  0 is  related  to  tha  parameters  in 
the  undisturbed  flow,  1 - to  the  paraaeters  of  the  section  where  is 
foraed  flame  front,  C - fresh  mixture,  P - combustion  products,  TR  - 


tube . 


In  order  to  present  equations  in  more  convenient  dimensionless 
fora,  let  us  introduce  the  following  designations: 

For  that,  in  order  to  equation  (1)  and  following,  into  which 
enter  the  integrals,  they  became  algebraic  ones,  we  consider  the  laws 
of  a change  in  the  speed  and  temperature  in  zone  the  known  ones 

“"d  *1,  " “f (7)  ' 

Che  real  law  of  a change  in  these  values  is  complex 
[7,  8]  and  has  characteristic  for  the  turbulent  flames  s - figurative 
form.  Hitb  its  sufficient  accuracy  can  be  approximated  as  linear 
relatively  ^ . 


Page  148. 


Speed  and  temperature  for  this  case  will  be  written  [7] 
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where 


‘t_rL  ~<Cf'L  . un7c  -ucQn 

‘r-fri — i 'u„-uc  ' 

‘’a  t n t 

After  the  conversions  and  the  solution  of  integral,  we  will 
obtain  the  final  fora  of  equation  (1) 

Here  are  f urther  8 = J + ■ q " quantity  of  heat,  conducted  to  c 

Cp  T|  * 

kilogram  of  gas. 

2.  Equation  of  aoaentum 

p.  ( F.  - p„)  ♦ f,  w*  C P.  - F„)  - P„  C F.  - F„)  W*(  f - Ft)  ♦ 


f7»W„‘(F,-Fw)-Fj*/(lw,*elF, 


or,  with  analogous  to  equation  (1)  by  conversions,  we  will  obtain 


pfpr, 


/ 7 
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(2) 


2ft(Un-Uc)l_ 

(VWr'O 
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3.  Equation  of  conservation  of  energy  for  flow  oE  fresh  nixture. 
Flow  we  consider  anerg y-isolated  and  adiabatic 


CP  T<  +'TL  = CPTc  + ' 


w: 


(3) 


We  take  C&  * const.  After  which 


V<-TM,l(uc-<) 


(3) 


4.  Equation  of  adiabatic  curve  for  fresh  aixture 


*-(*r 


(4) 


or 


«Cc  *Sl 


K 


(4') 


I 


5. 


Equation  of  conservation  of  aass  of  fresh  aixture 


wh«re  J>  - average  flux  density  of  fresh  aixture  on  section  between 

sections  i and  i-1  ; 


AS  - frontal  surface  of 

u,.  - flane  velocity  in 
determined  froa  data  in  work 

Page  150. 

If  we  designate 


flaae  between  these  sections; 

turbulent  flow.  During  calculation 
[ 7]- 


it  is 


) 


V 


that  we  will  obtain  in  a dimensionless  fora,  after  soLving  relative 
to  distance  along  the  axis: 
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6.  Equation  of  conservation  of  energy  for  flow  of  combustion 
products.  Tailing  into  account  the  conducted/supplied  to  one  kilogram 
of  mixture  heat  in  the  process  of  the  combustion 


CpV-f  +q=CpTn+^ 


Conversions,  analogous  to  equation  (3),  will  finally  give 


V'-tW-')' 


7.  Following  method  in  work  [6],  let  us  write  condition  of 
equality  required  and  available  a tp  time  for  stream  at 

output/yield  from  combustion  zone  (Fig.  2) 


where  ^ - complate  burn-up  time  of  mixture  in  streaa; 


> 


DOC  = 78204404 


- retention  time  of  sixture  in  combustion  zone. 


Page  151. 


Re  take 


W = < (U  +u  \ w 

<4>  Z l'  \ 


Finally  calculate!  equation  we  will  obtain  in  the  fori 


1 m%  -frOlc  -l,  ).  l?/) 

Vt.,  ' eW  *W 

where 

hv,-u^t 

8.  For  deteri  ination  of  ordinate  in  (7*)  let  us  write 

equation  of  conservation  of  mass  on  output/yield  from  combustion  zone 
for  flow,  limited  by  flow  line  DD4  (Fig.  2) 

• l8> 
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VL 


(,tJr (C 

(v?.hk"0(7 

uejl.  „ 


•) 


Just  as  in  works  f 3,  6,  7],  it  is  possible  to  write  approximate 
relationship  which  escape/ensues  froa  (3*)  and  (6* ) 


-g=-  •*  0 

'x 


cio) 


Given  equations  ( 1 ) — (10)  coaposes  systea  of  equations  for  the 

calculation  of  the  position  of  flaae  and  coapleteness  of  the  burnout 
<K.  Te  , ut , un,  T„  , 7e  , , ax  . 1 , X ) 

of  fuel  a 3in  the  "annular  ciainel"  of 

stabilizer  coabustion  chaaber  and  they  are  suitable  only  for  the 

calculation  of  aid  die  section,  i.e.,  where  there  is  a fresh  aixture, 

coabustion  zone  and  coabustion  prodnctsC  1c  < d,  *or  other 

sections  will  be  obtained  the  particular  solutions  of  these  equations 

depending  on  the  scheaatic  cf  process.  Lat  us  point  out  the  basic 

special  feature/peculiarities  which  with  certain  by  conversions  will 

lead  to  calculated  relationship/ratios. 
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Let  us  examine  the  initial  section  where  not  in  one  of  the 
stream  filaments  it  is  reached  complete  burnout  ( 7t  <.  f ( q = q )t 


In  equations  ( (j0  ) it  is  necessary  to  make  the  following 


settings: 


W Un=UV  *n“V  e = 8 


where  the  mark  "0"  designates  the  parameters  on  the  boundary  of 
"tube**  with  "annular  channel". 


Condition  (7)  will  be  written  more  simply 


2.  ax  R 


8,..  ~9, 


W'K^  U*.J-  tJ 


Let  us  pass  to  final  to  the  section  where  f ront/laaiing  flame  edge 
achieved  wall  ( 7C  • 1),  admixture  it  burned  down  all  (q  < i). 


Pa  ge  154. 


To  more  conveniently  conduct  the  calculation  of  the  parameters  in 
combustion  zone  in  wall  (in  equations  1*,  2*,  7',  8*,  9*) 


During  the  calculation  of  combustion  in  "circular”  channel"  can 
be  encountered  this  case  (for  example,  in  below  example  in  question), 
when,  because  of  the  high  flame  velocity  in  the  turbulent  flow  UT  , to 
the  large  scale  of  turbulence  Eo  (large  tn  ),  the  considerable 
diameter  of  "tube",  initial  section  is  shortened  and  in  middle 
section  there  will  be  only  combustion  zone  (there  are  no  fresh 
mixture  and  products  of  the  complete  combustion). 


In  this  case  the  system  of  equations  for  initial  and  finite 
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segments  will  remain  previous.  For  the  calculation  of  middle  section, 
it  is  necessary  to  bear  in  mind,  that 


a 


c 


1> 


and  also  for  the  calculation  of  finite  segment  in  the  parameters  with 
marks  P to  present  marks  30  and  instead  of  C - 3C  . 

The  calculation  of  "annular  channel"  one  should  fulfill, 
transfer/converting  from  one  section  to  the  next  by  successive 
approximations  [7],  This  course  of  computation  makes  it  possible  to 
calculate  the  heterogeneity  in  composition  of  mixture  and  parameters 
of  turbulence  over  the  section  of  the  camera/chamber  (caused,  in 
particular,  by  the  presence  of  flame  holders)  by  changing  the 
characteristics  of  combustion  uT  and  tn  from  one  seotioa  to  the 
next. 

After  the  determination  of  the  parameters  of  gas  in  "circular" 
channel  and  "tube*  the  calculation  can  be  refined,  on  the  basis  of 
the  condition  of  the  equality  of  static  pressure  for  entire  cross 
section  of  the  camera/chamber. 

Figure  3 depicts  the  results  of  the  calculation  of  cylindrical 
combustion  chamber  with  flame  holders  during  the  combustion  of 

IMI-Vccm  Kercsine  - aif  r*i 

| 


1 


0 100  200  3 00  400  500  600  700  800  900  1000  1100  1200  1300  1400 


Fig.  4.  Comparison  of  calculation  and  experimental  lata  according  to 
combustion  efficiency  of  fuel/propellant:  calculation  - uT  = 12  m/s 
tn  = 0.0055  s,  a=1,  D 1 50  mm,  = 70  mm;  experiment  - Tw*  = 

67 3°K;  ctw-*v  = 1.4;  M0  = 80  ra/s;  Tv*  = 523°K;  = 41;  P0=135°; 

60  = 0.8  nm.  Combustion  efficiency  \ : according  to  the  gas 
analysis:  on  axis  -1,  over  section  - 2;  with  respect  to  a change  in 
the  static  pressure  - 3.  Change  in  the  static  pressure  on  wall  - 4. 


Key:  (.1)  • experiment 


Pa  ge  157. 

The  satisfactory  agreement  of  the  results  of  calculation  with 
experimental  data  according  to  the  combustion  efficiency  of 
fuel/propellant  (Pig.  4)  makes  it  possible  to  judge  tne  correctness 
of  the  proposed  calculation  method. 


The  combustion  efficiency  of  fuel/pcopellant  for  entire  section 
of  the  camera/chamber  was  summarized  proportional  to  the  mass  flow 
rates  of  gas,  flowing  for  "ennular  channel"  and  "tube" 


Gn 


Gr0~G 


fTP 


” Br, 


Gr„ 


(18) 


Figure  5 shows  the  effect  of  the  degree  of  the  bLanket  of  the 
area  of  combustion  chamber  by  "tube"  (by  stabilizer),  which  confirms 
the  need  the  account  of  flame  holder  during  the  calculation  of  the 
camera/chamber. 


Figure  4 shows  also  the  curve  of  combustion  afficl»n~y, 

( ^ nf  ^ * 

calculated  employing  the  approximate  procedure  * which  makes  im- 
possible to  considerably  lower  the  voluma  of  calculate  wirk,  without 
leading  in  this  case  to  significant  errors. 


■*-1  <-*-!  <-*-! 
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Supplementary  suppositions  during  the  composition  of  the 
approximate  procedure  consisted  in  following: 


1.  The  front/leading  and  rear  boundaries  of  coabastion  zone  were 
located  through  known  values  uT  . 


2.  Values  of  speed  and  tenperature  over  section  of  coabustion 
zone  were  accepted  by  constant 


Key:  (1 ) • and. 


Thus,  the  proposed  method  makes  it  possible  to  calculate 
cylindrical  combustion  chambers  with  the  flame  holders  of  different 
types  (jet-edge  aid  streamlined  poorly). 
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E410 

ADTC 

1 

LAB/FIO 

C513 

PICATINNY  ARSENAL 

1 

FTD 

C535 

AVIATION  SYS  COMD 

1 

CCN 

1 

C591 

FSTC 

5 

ASD/FTD/  NIIS 

3 

C619 

MIA  REDSTONE 

1 

NIA/PHS 

1 

D008 

NISC 

1 

NIIS 

2 

H300 

USAICE  (USARF.UR) 

1 

P005 

DOE 

1 

P050 

CIA/CRB/  ADD/SD 

1 

NAVORDSTA  (50L) 

1 

nasa/ksi 

1 

AFIT/LD 

1 

I.LI./Codo  L-  389 

1 

FTD-ID (RS ) T- 2 044- 7 8 


